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Background: This dose-finding study evaluated lenvatinib, an oral multitargeted receptor tyrosine kinase inhibitor, in combination 
with carboplatin/paclitaxel in chemotherapy-naTve non-small-cell lung cancer (NSCLC) patients. 

Patients and Methods: Patients received lenvatinib twice daily (BID) with carboplatin (area under the curve 6 mg ml ~ 1 min ~ 1 , day 

1)/paclitaxel (200 mg m ~ 2 , day 1) every 3 weeks. The initial dose of lenvatinib was 6 mg BID. The primary end point was maximum 
tolerated dose (MTD) of lenvatinib. At the MTD, the cohort was expanded by 16 patients. Safety, pharmacokinetics, 
pharmacodynamics, and antitumor effects were evaluated. 

Results: Twenty-eight patients were treated. At 6mg BID, dose-limiting toxicities (DLTs) included febrile neutropenia/gingival 
infection (n = 2). No DLTs occurred with 4mg BID, the recommended MTD for the expansion. Common grade 3/4 toxicities 
included neutropenia, leukopenia, hypertension, and thrombocytopenia. The combination had no significant impact on individual 
drug pharmacokinetics. Response rate and median progression-free survival were 68% and 9.0 months, respectively, with 4mg 
BID. In the plasma biomarker analysis, stromal cell-derived factor 1a, stem cell factor, and granulocyte colony-stimulating factor 
correlated with antitumor activity. 

Conclusion: The MTD for lenvatinib with carboplatin/paclitaxel is 4mg BID in advanced NSCLC patients. This regimen 
demonstrated manageable tolerability and encouraging antitumor activity. 



Non- small -cell lung cancer (NSCLC) accounts for ~ 85% of lung 
cancer cases and is a leading cause of cancer death (Molina et al, 
2008; NSCLC Meta- Analyses Collaborative Group, 2008; Jemal 
et al, 2011). Platinum-based regimens remain the standard first- 
line chemotherapy options for patients with advanced or 
metastatic NSCLC. However, the prognosis remains poor and 
1-year survival rates have not exceeded 60% (Ohe et al, 2007). 
Hence, there is an urgent need for novel therapeutic strategies to 
prolong survival for these patients. 



The vascular endothelial growth factor (VEGF) family of 
proteins, particularly VEGF-A and VEGF receptor 2 (VEGFR2), 
are key mediators of angiogenesis, which is a fundamental process 
for tumour cell survival, local invasion, and metastasis in multiple 
tumour types (Ferrara, 2004; Shibuya, 2010). Several studies have 
reported that high tumour expression of VEGF protein is 
predictive of poor survival in NSCLC patients (Baillie et al 2001; 
Inoshima et al 2002; Nakashima et al, 2004). Bevacizumab, an 
anti-VEGF-A antibody, has been shown to enhance objective 
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response rate (ORR) and prolong survival when used in 
combination with paclitaxel and carboplatin in patients with 
non- squamous -cell NSCLC (Sandler et al, 2006; Niho et al, 2012). 
A number of tyrosine kinase inhibitors (TKIs) that target VEGFR 
signalling have been developed in combination with a standard 
platinum doublet regime for the treatment of NSCLC. Although 
some clinical studies of VEGFR inhibitors did not show clinical 
benefit (Scagliotti et al, 2010), some TKIs may still offer potential 
benefits depending on their profile of kinase inhibition. 

In addition to VEGF-mediated signalling, preclinical evidence 
suggests that aberrant signalling mediated by both fibroblast 
growth factor receptors (FGFR) and platelet- derived growth factor 
receptors (PDGFR) also contribute to tumour growth and 
angiogenesis in multiple solid tumour types (Turner and Grose, 
2010; Kono et al, 2012). These pathways have also been linked with 
the development of tumour resistance to agents that target VEGFR 
(Kono et al, 2012). 

Lenvatinib (E7080) is an orally administered multi-kinase 
inhibitor of VEGFR-1-3, FGFR1-4, PDGFR-/?, and c-kit (Matsui 
et al, 2008a,b). Lenvatinib's potency against PDGFR, FGFR, and 
c-kit may enhance its antitumor activity in various tumour types 
(Matsui et al, 2008a). 

In phase 1 studies, lenvatinib was commonly associated with 
hypertension, proteinuria, fatigue, and gastrointestinal (GI) 
symptoms, which were manageable with routine medical care. 
Encouraging antitumor activity in patients with melanoma, 
differentiated thyroid cancer, renal cancer, and endometrial cancer 
was observed (Nemunaitis et al, 2008; Yamada et al, 2011; 
Boss et al, 2012). 

The primary objective of this dose-finding study was to 
determine the maximum tolerated dose (MTD) and assess the 
safety, pharmacokinetics, pharmacodynamics, and antitumor 
effects of lenvatinib administered by continuous twice daily 
(BID) dosing with carboplatin and paclitaxel in patients with 
stage IIIB/IV NSCLC. 



PATIENTS AND METHODS 



Study design. This multicenter, open-label, phase 1 dose-finding 
study (ClinicalTrials.gov identifier NCT00832819; E7080-J081- 
110) was designed to establish the MTD for lenvatinib in 
combination with carboplatin/paclitaxel. This study consisted of 
a dose-finding and an expansion cohort. In the dose-finding 
cohort, six patients were enrolled per dose level of lenvatinib in 
order to determine the MTD. Sixteen patients were enrolled at the 
MTD level in the expansion cohort. Safety, pharmacokinetics, 
pharmacodynamics, and antitumor effects were evaluated. 

Lenvatinib was orally administered by continuous BID dosing in 
combination with paclitaxel (200 mg m ~ 2 ) intravenously adminis- 
tered over 3 h followed by a 1-h infusion of carboplatin (area under 
the curve (AUC) 6.0 min mgrnl - J ) on day 1 every 3 weeks from 
cycle 1. Paclitaxel/carboplatin was administered for up to six cycles 
until progressive disease (PD) was observed. Lenvatinib mono- 
therapy was continued as maintenance therapy when paclitaxel/ 
carboplatin was discontinued for reasons other than PD. 

In the dose-finding cohort, the initial dose was 6mg BID; 
lenvatinib was administered during a 7 day run-in period 
(cycle 0) before being administered in combination with 
carboplatin/paclitaxel. If tolerability at 6mg BID was confirmed, 
dose escalation to 8mg BID and subsequently to 10 mg BID 
was allowed. If tolerability at 6mg BID was not confirmed, 
the subsequent dose was de-escalated to 4mg BID. Tolerability 
was confirmed by the frequency of occurrence of dose- 
limiting toxicities (DLTs) observed by the end of cycle 1 in six 
patients. 



The following toxicities were regarded as DLTs: grade 3 
thrombocytopenia requiring blood transfusion; grade 4 thrombo- 
cytopenia; grade 4 neutropenia persisting longer than 7 days; 
and any grade 3 or higher non-haematological toxicity, with 
the exception of transient abnormal clinical laboratory values not 
requiring treatment; drug hypersensitivity without dose -depen- 
dency; and controllable hypertension, diarrhoea, vomiting, and 
nausea. 

Patient and eligibility criteria. Patients aged 20-74 years with a 
histologically or cytologically confirmed diagnosis of NSCLC (stage 
IIIB/IV), at least 1 measurable tumour lesion by Response 
Evaluation Criteria in Solid Tumours (RECIST) version 1.0 
(Therasse et al, 2000), and an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0-1 were eligible for the 
study. Patients were required to have adequate organ function and 
were excluded from the study if they had received previous therapy 
for NSCLC, including prior chemotherapy, and surgery and 
radiotherapy for the primary site. Patients who had hemoptysis 
of more than 1/2 teaspoon, clinically significant haemorrhagic or 
thrombotic events within 4 weeks of enrollment or hypertension 
^150/90 mm Hg at screening (one antihypertensive medication 
was permitted) were excluded. Other key exclusion criteria 
included the presence of clinically significant pulmonary or 
cardiovascular disease, symptomatic brain metastasis, or brain 
metastasis requiring treatment. Concomitant use of antiplatelet 
and anticoagulant drugs such as aspirin, warfarin, and ticlopidine 
was prohibited throughout the study. The study was conducted in 
accordance with the Declaration of Helsinki and Good Clinical 
Practice Guidelines and was approved by the Institutional Review 
Board of each medical institution; all patients provided written, 
informed consent. 

Study assessments 

Safety assessments. Adverse events (AEs) were recorded and 
graded based on the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 3.0) (CTCAE, 
2006), and were coded based on Medical Dictionary for Regulatory 
Activities (version 14.0). 

Antitumor activity. Tumour assessment was performed by 
investigators according to RECIST version 1.0 (Therasse et al, 
2000) every two cycles. Tumour shrinkage was defined as the per 
cent change in sum of the longest diameter of target lesions from 
baseline to nadir. 

Pharmacokinetic/pharmacodynamic studies. Blood samples were 
collected on day 1 of cycle 1 predose, and 1, 2, 3 (immediately 
before the end of paclitaxel infusion), 4 (immediately before the 
end of carboplatin infusion), 6, 8, and 10 h post-lenvatinib oral 
dosing, on day 2 of cycle 1 predose and 3 h after lenvatinib dosing 
(only for carboplatin and paclitaxel) for the dose-finding cohort, 
only. Blood samples were also collected on days 8 and 22 of cycle 1 
before lenvatinib dosing. Plasma concentrations of lenvatinib, 
paclitaxel, and carboplatin were measured by liquid chromato- 
graphy with tandem mass spectrometry (LC/MS/MS) for lenvati- 
nib (0.08 ng ml -1 as lower limit of quantification (LLOQ)), 
LC/MS/MS for paclitaxel (lngml -1 as LLOQ), and inductively 
coupled plasma mass spectrometry for total platinum (lOngml - 1 
as LLOQ), respectively. Exploratory pharmacodynamic analyses 
were conducted on blood samples collected at predose on day 1 of 
cycle 0 (dose-finding cohort only) and on days 1, 8, and 22 of 
cycle 1. Plasma concentrations of biomarkers, including FGF-2, 
granulocyte colony- stimulating factor (G-CSF), hepatocyte growth 
factor (HGF), interleukin-8 (IL-8), PDGF-B, stem cell factor (SCF), 
stromal cell-derived factor la (SDFla), and VEGF were measured 
by enzyme-linked immunosorbent assay using a Bio-Plex assay kit. 
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Statistical analysis. All patients were included in the safety, 
efficacy, pharmacokinetic, and pharmacodynamic analyses. 
All statistical tests were performed at the 5% significance level 
(two-sided) without adjustment of multiplicity. Pharmacokinetic 
parameters of lenvatinib, carboplatin, and paclitaxel were 
calculated by non-compartmental analysis. 

For efficacy analyses, waterfall plots showing per cent changes in 
sum of the longest diameters of target lesions from baseline to the 
nadir are presented. Progression-free survival (PFS) was defined 
as the time from the start of lenvatinib treatment to PD or 
death, whichever occurred first. PFS was summarised by the 
Kaplan-Meier method. 

For the pharmacodynamic analyses of plasma biomarkers, the 
per cent change from baseline in each item was analysed by 
Wilcoxon signed-rank test. Correlations between baseline value 
and maximum per cent change of plasma marker and efficacy 
parameters of interest, including maximum decrease in sum of the 
longest diameters of target lesions from baseline and PFS, were 
analysed using Spearman's rank correlation coefficient. In this 
analysis, time to the last adequate tumour assessment was used as 
PFS when patients were discontinued for reasons other than PD or 
death. 

All analyses were performed using SAS for Windows (release 8.2 
or later), SAS Drug Development 3.0, WinNonlin Professional 
(version 5.01 or later), and Microsoft Excel. 



RESULTS 



Patients. The study was conducted from February 2009 to July 
2011 at three sites in Japan. The study enrolled 28 patients. Twelve 
patients entered the dose-finding cohort for determination of the 



Table 1. Baseline 


demographics and disease 


characteristic 


s 












Dose-finding cohort 


Expansion 
cohort 




4mg BID 

(n = 6) 


6mg BID 

(n = 6) 


4mg BID 

(n = 16) 


Total 

(n = 28) 


Mean age, years 
(range) 


52.8 (38, 60) 


54.8 (41, 68) 


58.4 (38, 73) 


56.4 (38, 73) 


Gender, n (%) 


Male 
Female 


4(67) 
2 (33) 


4(67) 
2 (33) 


13 (81) 
3(19) 


21 (75) 
7 (25) 


ECOG PS # n (%) 


0 
1 


5 (83) 
1 (17) 


5 (83) 
1 (17) 


9(56) 
7(44) 


19 (68) 
9 (32) 


Stage, n (%) 


MB 
IV 


2 (33) 
4(67) 


0 

6 (100) 


6 (38) 
10 (63) 


8 (29) 
20 (71) 


Tissue type, n (%) 


Adenocarcinoma 
Squamous cell 
carcinoma 
Others 


5 (83) 
0 

1 07) 


6 (100) 
0 

0 


12(75) 
2(13) 

2(13) 


23 (82) 
2(7) 

3(11) 


Abbreviations: BID = twice daily; ECOG PS = Eastern Cooperative Oncology Group 
performance status. 



MTD (4mg BID (n = 6) and 6mg BID (n = 6)) and 16 patients 
entered in the 4mg BID group in an expansion cohort. Baseline 
demographics and disease characteristics are shown in Table 1. 
Two patients discontinued the study before completion of cycle 1. 
With the exception of one patient who discontinued the study 
during the run-in period, all patients (n = 27) received lenvatinib 
in combination with carboplatin/paclitaxel. Lenvatinib mono- 
therapy was continued as maintenance therapy after completion of 
carboplatin/paclitaxel in 19 patients. 

Safety 

Evaluation of DLTs and MTD. Two patients in the 6mg BID 
group of the dose-finding cohort experienced DLTs (grade 3 febrile 
neutropenia and grade 3 gingival infections in each). Another 
patient discontinued from the study due to deterioration of 
performance status. None of the patients in the 4mg BID group 
experienced DLTs. Considering the DLTs and the overall toxicities 
observed, the MTD was defined as 4mg BID and this dose was 
estimated as the recommended dose for the expansion cohort. 

Adverse events. Adverse events were evaluated in 28 patients 
enrolled in the dose-finding and expansion cohorts. In 22 patients 
at the 4mg level, common toxicities included thrombocytopenia 
(100%), neutropenia, leukopenia, peripheral sensory neuropathy, 
arthralgia, and alopecia (95%). Of interest, proteinuria was 
reported in 77% and hypertension in 73% of patients. In addition, 
nausea was reported by 82% of patients, along with other 
Gl-associated AEs such as diarrhoea, constipation, or decreased 
appetite, each having a 77% incidence rate. The most frequent 
grade 3 or 4 toxicity was neutropenia (95%), followed by 
leukopenia (50%), hypertension (36%), thrombocytopenia (27%), 
and febrile neutropenia (23%) (Table 2). A grade 3 thrombosis was 
observed only in the maintenance phase of lenvatinib mono- 
therapy. Nine patients (4 mg BID, n = 7; 6 mg BID, n = 2) 
experienced a treatment-related serious AE. The most frequently 
reported SAEs were febrile neutropenia (7%) and pneumonia (7%). 
No deaths were reported. There were no changes of clinical 
importance in mean QT interval and QTcF seen in either 
combination or maintenance therapy. 

Pharmacokinetics. Pharmacokinetic parameters for each analyte 
are presented in Table 3. The mean maximum concentration 
(C max ) for lenvatinib ranged from 97.5 ng ml -1 in the 4mg BID 
group to 138ngml _1 in the 6mg BID group. Median time of 
maximum concentration (f max ) was 4.18-4.27 h and the mean 
AUC(o_/;) ranged from 692 to 848nghml _1 . Both C max and 
AUC( 0 _ t ) increased with the dose of lenvatinib after multiple-dose 
administration in combination with carboplatin/paclitaxel. Blood 
samples collected on days 8 and 22 of cycle 1 before lenvatinib 
dosing showed that mean lenvatinib concentrations at predose 
after repeated administration were almost equivalent regardless of 
carboplatin/paclitaxel (data not shown). 

For paclitaxel, end of concentration (C end ), AUC( 0 -i n f)> half-life 
(fi /2 ), clearance, and volume at steady state were generally 
consistent across the doses of lenvatinib. The C end and AUC (0 _ t ) 
of carboplatin were also similar across lenvatinib doses. 

Antitumor activity. Post-baseline assessments of target lesions 
were not available for 2 of 28 enrolled patients. Most patients 
experienced tumour shrinkage after treatment (Figure 1). The best 
overall responses are summarised in Table 4. In 22 patients at the 
4 mg level, 14 patients (64%) had a partial response and 1 patient 
(5%) had a complete response. The ORR was 68% and 61%, and 
the median duration of response was 7.9 (95% confidence interval 
(CI): 4.9, 9.5) and 7.0 (95% CI: 4.9, 9.5) months in the 4mg BID 
groups and total, respectively. Median PFS was 9.0 (95% CI: 6.5, 
9.5) months each in the 4 mg BID groups and total. 
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Table 2. Grades 3 and 4 treatment-related adverse events 



Table 3. Pharmacokinetic parameters for plasma concentrations of 
lenvatinib, carboplatin, and paclitaxel 







Dose of lenvatinib 






4mg BID (n = 22) 


6mg BID (n = 6) 


Adverse event 


Grade 3 # 
n (%) 


Grade 4, 
n (%) 


Grade 3 f 
n (%) 


Grade 4, 
n (%) 


Neutropenia 


0 


21 (95) 


0 


5 (83) 


Leukopenia 


10 (46) 


1 (5) 


2 (33) 


1 (17) 


Thrombocytopenia 


4(18) 


2(9) 


0 


0 


Anaemia 


3(14) 


0 


0 


0 


Lymphopenia 


1 (5) 


0 


0 


0 


Febrile neutropenia 


5(23) 


0 


1 07) 


0 


Pneumonia 


1 (5) 


0 


2 (33) 


0 


Gingival infection 


1 (5) 


0 


1 07) 


0 


Hypertension 


8 (36) 


0 


4(67) 


0 


Proteinuria 


2(9) 


0 


0 


0 


Peripheral sensory 
neuropathy 


1 (5) 


0 


0 


0 


Nausea 


1 (5) 


0 


0 


0 


Diarrhoea 


1 (5) 


0 


0 


0 


Decreased appetite 


1 (5) 


0 


0 


0 


Weight decreased 


1 (5) 


0 


0 


0 


Vomiting 


1 (5) 


0 


0 


0 


Hypocalcemia 


1 (5) 


0 


0 


0 


Hyponatremia 


1 (5) 


0 


0 


0 


Anal abscess 


1 (5) 


0 


0 


0 


Syncope 


0 


0 


1 (17) 


0 


Pyelonephritis 


1 (5) 


0 


0 


0 


Neurogenic bladder 


1 (5) 


0 


0 


0 


Thrombosis 


1 (5) 


0 


0 


0 


Abbreviation: BID = twice daily. 



Pharmacodynamics. Plasma angiogenic proteins and cytokines 
were quantified at baseline and periodically during the first cycle of 
combination therapy. During the first cycle of combination 
therapy, there were significant increases from baseline in VEGF 
on days 8 and 22 (P< 0.001 each), IL-8, and SDFla on day 8 
(P< 0.001 each), and HGF on day 22 (P = 0.024), whereas PDGF-B 
was significantly decreased on day 22 (P = 0.001). Other plasma 
markers were not significantly changed during the first cycle. 

Correlations between plasma markers and antitumor activity in 
terms of tumour shrinkage and PFS were explored. Lower baseline 
levels of SDFla were significantly correlated with greater tumour 
shrinkage and longer PFS (Table 5). Furthermore, patients showing 
a greater increase of SCF and SDFla had greater tumour shrinkage 
and longer PFS, respectively. In contrast, patients showing less 
increase of G-CSF had longer PFS. 



DISCUSSION 



The primary objective of this study was to determine the MTD of 
lenvatinib confirmed by the frequency of DLTs associated with its 
twice-daily oral administration in combination with carboplatin/ 
paclitaxel in patients with advanced NSCLC. The starting dose of 
lenvatinib was 6mg BID. Two out of six patients experienced 



Dose of lenvatinib 



Analyte 


Pharmacokinetic 
parameter 


4mg BID 

(n = 6) 


6mg BID 

(n = 5) 


Lenvatinib 3 


C max (ngml~ 1 ) 

tmax (h) 

AUC ( o_t) (nghmr 1 ) 


97.5 ±38.4 
4.18 (2.00-6.42) 
692 ± 245 


138±35.3 
4.27 (1.92-10.1) 
848 ±21 6 


Carboplatin 6 
(AUC 6) 


Cend Cugmr 1 ) 
AUC (0 _ t )Cughm|- 1 ) 


27.1 ±4.14 
79.9 ±12.7 


26.4 ±2.23 
70.8±5.19 


Paclitaxel c 
(200 mgm 2 ) 


Cend Cugrml" 1 ) 
AUC (0 _inf) (/ighmr 1 ) 
ti/ 2 (h) 
CL (Ih 1 ) 

Vss (I) 


7.27±2.10 
25.0±8.18 
6.65 ±0.39 
14.4 ±6.42 
69.1 ±27.7 


6.56 ±1.57 
22.1 ±5.26 
6.77 ±0.42 
16.2±2.91 
80.9 ±16.6 


Abbreviations: AUC = area under the curve; BID = twice daily; C max = maximum concentra- 
tion; CL = clearance; C en d = end of concentration; t max = time to maximum concentration; 
ti/2 = half-life; V ss = volume at steady state. Data are mean±s.d., except for t max , where 
median (minimum-maximum) is shown. 

a Last sampling time point was 10h after administration of lenvatinib. 

b Based on total platinum concentration, last sampling time point was 24 h after starting 

intravenous infusion of carboplatin. 

c Last sampling time point was 27 h after starting infusion of paclitaxel. 



40 i 
30 
20 
10 - 
0 

-10 - 
-20 
-30 
-40 
-50 
-60 
-70 
-80 
-90 
-100 



Best overall response 
SCR PR SD | 



IPD SNE 



CR, complete response; NE, not evaluable; PD, progressive disease; 
PR, partial response; SD, stable disease. 



Figure 1. Waterfall plot of per cent change in sum of the longest 
diameters of target lesion from baseline to the nadir (n = 26). 

CR = complete response; NE = not evaluable; PD = progressive 
disease; SD = stable disease. 



DLTs, namely febrile neutropenia and gingival infection. In the 
subsequent enrollment, when the lenvatinib dose was reduced to 
4mg BID, no DLTs were observed. The appropriate dose- 
reduction of carboplatin or paclitaxel in combination with a 
higher dose of lenvatinib was not determined in this study. Of 22 
patients who received lenvatinib 4mg BID, the most common 
grade 3 or 4 haematological toxicities were neutropenia, leukope- 
nia, thrombocytopenia, and febrile neutropenia. The AE profile 
was similar to that previously reported for Japanese patients 
with NSCLC who received combination carboplatin/paclitaxel 
(Ohe et al y 2007). However, the incidence of grade 4 neutropenia 
and grade 3 or 4 thrombocytopenia in this study was slightly 
higher than that in the aforementioned study. The combined 
regimen of carboplatin/paclitaxel with cediranib, another VEGFR 
inhibitor, demonstrated a higher incidence of grade 3 or 4 of 
neutropenia, thrombocytopenia, and febrile neutropenia in 
patients with advanced NSCLC vs carboplatin/paclitaxel alone 
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(Goss et al, 2010). A previous phase 1 study of lenvatinib in 
Japanese patients with solid tumours reported thrombocytopenia 
among other DLTs (Yamada et al, 2011). These results suggest that 
neutropenia and thrombocytopenia resulting from treatment with 
carboplatin/paclitaxel may be slightly increased in a combined 
regimen with lenvatinib. Neutropenia was well managed with the 
use of G-CSF in 17 patients (77%) and thrombocytopenia was 
generally controlled by dose interruption without transfusion. 

The most common non-haematological toxicity in this study 
was hypertension, which has been reported with lenvatinib 
monotherapy (Yamada et al, 2011; Boss et al, 2012). Hypertension 
was generally managed with antihypertensive drugs, and grade 4 
hypertension was not observed. This study did not report safety 
concerns regarding unexpected toxicities related to the treatment 
combination. However, the results suggest that patients with 
NSCLC who were administered lenvatinib in combination with 



Table 4. Best overall response 



Dose of lenvatinib 




4mg BID 


6mg BID 


Total 


Parameter 


(n = 22) 


(n = 6) 


(n = 28) 


Best response, n (%) 


CR 


1 (5) 


0(0) 


1 (4) 


PR 


14 (64) 


2 (33) 


16 (57) 


SD 


5(23) 


2 (33) 


7(25) 


PD 


1 (5) 


0(0) 


1 (4) 


NE 


1 (5) 


2 (33) 


3(11) 


ORR, n (%) 


15 (68) 


2 (33) 


17 (61) 


(95% CI) 


(45-86) 


(4-78) 


(41-79) 


Abbreviations: BID = twice daily; CI = confidence interval; CR 


= complete response; 


NE = not evaluable; ORR = objective response rate (CR + PR); PD 


= progressive disease; 


PR = partial response; SD = stable disease. 







carboplatin/paclitaxel should be monitored for potential increases 
in haematological toxicities. 

Results from this study suggested encouraging antitumor 
activity with an ORR of 68% and a median PFS of 9.0 months at 
the MTD of 4 mg BID. Therefore, lenvatinib administered at 4 mg 
BID was the recommended dose for further study in combination 
with carboplatin/paclitaxel for NSCLC. However, the lenvatinib 
dose in this combination was lower than the MTD for lenvatinib 
monotherapy, which waslOmg BID (Nemunaitis et al, 2008). 

Pharmacokinetic analyses in the current study indicated that 
lenvatinib exposure with coadministration of carboplatin and 
paclitaxel was similar to that observed with lenvatinib mono- 
therapy in patients with advanced solid tumours (Yamada et al, 
2011; Boss et al, 2012). The estimated pharmacokinetic parameters 
for carboplatin and paclitaxel were generally consistent across the 4 
and 6 mg BID doses of lenvatinib and similar to historical data 
(Kimura et al, 1988; Tamura et al, 1995). Overall, these results 
suggest that concomitant administration of lenvatinib, carboplatin, 
and paclitaxel does not significantly impact the pharmacokinetics 
of any of these three drugs in this treatment schedule. 

A relatively high ORR and a long PFS were observed in this 
study. The pathogenesis and progression of NSCLC may involve 
multiple convergent and compensatory growth factor signalling 
pathways that emerge upon inhibition of the VEGF pathway, 
which may account for inherent or acquired resistance to VEGF- 
targeted therapy (Ellis and Hicklin, 2008). A multivariate analysis 
of tumour samples from 335 patients who had undergone resection 
for stage I-IIIA NSCLC found that high expression of PDGF-A 
correlated with lymph node metastasis, whereas high co-expression 
of PDGF-B and VEGFR3 was a strong and independent predictor 
of poor survival in patients with NSCLC (Donnem et al, 2010). 
Aberrant FGFR-mediated signalling, polymorphisms, and 
increased expression of FGFR1 and FGFR2 have also been 
implicated in the pathogenesis and progression of NSCLC 
(Semrad and Mack, 2012). Other preclinical evidence 
suggests that PDGFR- and FGFR-mediated signalling may act 
synergistically to promote tumour angiogenesis and metastasis 
(Cao et al, 2003; Nissen et al, 2007). Thus, by targeting VEGRs, 



Table 5. Baseline and treatment-related change of plasma angiogenic proteins and cytokines and their correlation with efficacy 



Observed values (pgml 1 ) Correlation analysis 





Median (minimum-maximum) 


Baseline 


Maximum per cent change 


Angiogenic 
marker 


Baseline 
(n = 28) 


Cycle 1 day 8 
(n = 26) 


Cycle 1 day 22 
(n = 26) 


Tumor shrinkage 
(n = 26) 


PFS 

(i = 28) 


Tumor shrinkage 
(i = 26) 


PFS 

(i = 26) 


FGF-2 


19.4 (9-55) 


17.2 (7-59) 


16.0 (7-57) 


0.13 


0.16 


0.22 


-0.15 


G-CSF 


6.8 (2-80) 


7.6 (3-27) 


7.5 (2-17) 


0.35 


0.05 


-0.28 


-0.42 a 


HGF 


234.9 (119—480) 


244.0 (163-353) 


259.8 b (120-1161) 


-0.31 


-0.29 


0.14 


-0.02 


IL-8 


6.3 (3-57) 


9.4 b (5-16) 


4.4 (3-15) 


0.25 


-0.15 


-0.31 


-0.10 


PDGF-B 


228.0 (27-2700) 


237.9 (14-2849) 


85.4 b (13-707) 


0.32 


0.04 


-0.20 


-0.02 


SCF 


101.8 (40-205) 


101.0 (54-173) 


102.9 (43-184) 


-0.30 


0.21 


0.46 a 


0.11 


SDF1a 


62.9 (30-195) 


129.9 b (62-196) 


76.9 (30-140) 


-0.48 a 


-0.48 a 


0.39 


0.41 a 


VEGF 


16.1 (4-62) 


31. 3 b (17-196) 


28.7 b (11-171) 


-0.01 


-0.35 


0.07 


-0.01 



Abbreviations: FGF = fibroblast growth factor; G-CSF = granulocyte colony-stimulating factor; HGF = hepatocyte growth factor; IL = interleukin; PDGF-B = platelet-derived growth factor 
B; SCF = stem cell factor; SDF1 a = stromal cell-derived factor 1a; VEGF = vascular endothelial growth factor. Concentration at baseline and per cent change from it were shown as median 
(minimum-maximum). Correlation analysis indicated Spearman's rank correlation coefficient. 
a P<0.05, Spearman's rank correlation between plasma marker and efficacy parameter. 
b P<0.05, Wilcoxon signed-rank test based on per cent change from baseline. 
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FGFRs, and PDFGRs, lenvatinib has the potential to inhibit 
multiple signalling pathways involved in tumour angiogenesis. 

Biomarker analysis has become increasingly important in 
identifying potential responders to treatment in several cancer 
types. However, to date, there is a need for validated biomarkers 
for anti- angiogenesis therapy that have prognostic or predictive 
relevance. Plasma angiogenic proteins and cytokines may be useful 
predictors of response and resistance to antiangiogenic treatment. 
Several bone marrow- derived cell populations promote or inhibit 
tumour progression via various processes. These cells include 
circulating endothelial progenitor cells (CEP), Grl + and 
CDllb+ myeloid- derived suppressor cells, and VEGFR-1 + 
hemangiocytes. SDFla, SCF, and G-CSF may have a role in 
recruiting these cells to angiogenic sites, thereby contributing to 
resistance to chemotherapy and antiangiogenic therapy (Bergers 
and Hanahan, 2008; Shaked et al, 2008). In a phase 1 study of 
lenvatinib in patients with advanced solid tumours, a lower 
predose level of SDFla was correlated with longer treatment 
duration (Yamada et al, 2011). Similarly, the current study showed 
that a lower predose level of SDFla was significantly correlated 
with greater tumour shrinkage and longer PFS. Therefore, a higher 
predose level of SDFla may predict resistance to lenvatinib 
treatment in patients with NSCLC. In addition, treatment- related 
increase of G-CSF was correlated with shorter PFS. Granulocyte 
colony- stimulating factor increase might promote resistance to the 
lenvatinib combination possibly due to paclitaxel-induced G-CSF 
increased CEP accumulation (Shaked et al, 2008). In contrast, 
patients with treatment-related increase of SDFla and SCF had 
longer PFS and greater tumour shrinkage, respectively. Although 
the function of these factors in tumour tissues remains to be 
elucidated, monitoring these factors in plasma during treatment 
might be a potential approach to identify biomarkers predictive of 
clinical activity of this combination regimen. 



CONCLUSIONS 



The MTD for lenvatinib administered orally in combination with 
carboplatin/paclitaxel is 4mg BID in patients with advanced or 
metastatic NSCLC. Concomitant administration of lenvatinib, 
carboplatin, and paclitaxel does not appear to have a significant 
impact on the pharmacokinetic profile of any of the three drugs in 
this treatment schedule. The combination regimen of lenvatinib 
with carboplatin/paclitaxel had a manageable tolerability profile 
and encouraging antitumor activity in patients with advanced or 
metastatic NSCLC. The results of the exploratory biomarker 
analyses support and warrant further study. 
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